A novel strain designated 11G32
The genus Reyranella is a member of the family Rhodospirillaceae and was first proposed by Pagnier et al. [1] with Reyranella massiliensis as the type species [1] . Subsequently, the genus description was emended by Kim et al. with the species Reyranella soli [2] . The complete genome sequence of the type species of the genus Reyranella, Reyranella massiliensis, was determined by Pagnier et al. [3] . At the time of writing, the genus Reyranella contains three species: the type species R. massiliensis [1] , R. soli [2] and R. graminifolii [4] . In members of this genus, cells are Gram-stain-negative rods and colonies are small, grey-white in colour, opaque and convex. Oxidase activity is positive and catalase activity is negative [1] . Reduction of nitrate to nitrite is variable. Members of the genus Reyranella contain ubiquinone-10 (Q-10) as the predominant isoprenoid quinone and phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, and one unknown aminolipid as major polar lipids [2] .
Strain 11G32
T was isolated from an agricultural soil cultivated with Chinese cabbage using the standard dilution plating technique on R2A agar (Difco). After plating, plates were incubated at 28 C for 7 days, and a white-pigmented bacterial strain, 11G32
T , was isolated. The reference strains The almost full-length 16S rRNA gene sequence was determined as described by Kim and Ka [5] . Sequence similarity was determined using the EzBioCloud server [6] , and sequences from 11G32 T and related taxa (retrieved from the NCBI database) were aligned with SINA (v1.2.11) according to the SILVA seed alignment [7] . The method of Jukes and Cantor was used to calculate evolutionary distances [8] . Phylogenetic trees were reconstructed by neighbour-joining [9] and maximum parsimony methods [10] using the MEGA7 software program [11] . In each case, bootstrap values were calculated based on 1000 replications [12] .
Bacterial growth at 4, 10, 15, 20, 25, 28, 37, 40 and 45 C was assessed after 14 days of incubation in R2A broth. The pH range for growth was determined after 14 days of incubation at 25 C in R2A broth adjusted to pH 5.0-10.0 at intervals of 0.5 pH units that was buffered with 0.2 M citrate/phosphate buffer, 0.05 M Tris/HCl, HCl or NaOH [13] . Tolerance to NaCl was tested in R2A broth supplemented with 0, 0.5 and 1 % NaCl (w/v) after 14 days of incubation. Growth of strain 11G32
T was tested on R2A agar (Difco), Luria-Bertani agar (Difco), nutrient agar (Difco) and trypticase soy agar (Difco) at 28 C for 17 days. Growth under anaerobic conditions was determined using anaerobic atmosphere generation bags (Sigma).
The Gram reaction of strain 11G32
T was determined using a colour Gram 2 kit (bioM erieux). Cellular morphology was observed using a Zeiss Axioplan 2 microscope (Carl Zeiss) with cells grown for 7 days at 28 C on R2A agar. Oxidase and catalase activities were tested using Oxidase reagent and ID colour Catalase reagent (bioM erieux), respectively. Degradation of casein, cellulose, chitin, DNA and starch was determined using the methods of Smibert an Krieg [14] and Ten et al. [15] . Other physiological and biochemical characteristics were examined using API 20E, API 20NE and API ZYM systems (bioM erieux). While the API 20E and API 20NE tests followed the manufacturer's instructions, results were checked after an incubation period of up to 14 days. The API ZYM test was conducted according to the manufacturer's instructions.
For analysis of fatty acids, strain 11G32
T and the reference strains were grown on R2A agar at 28 C for 7 days. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System [16] . Fatty acid analysis was performed in triplicate.
Isoprenoid quinones were extracted according to the method of Komagata and Suzuki [17] , and analysed using reversed-phase HPLC with a YMC ODS-A (250Â4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (1 : 1, v/v) using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 275 nm.
Polar lipids were extracted according to the procedures described by Minnikin et al. [18] and separated by twodimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley and Wait [19] . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid and a-naphthol reagents [18] and with the ninhydrin spray, molybdenum blue spray and Dragendorff's reagent (Sigma).
Nisaea denitrificans DSM 18348 T (AUFM01000008)
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Reyranella soli KIS14-15 T (JX260424) . Bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branch points. Filled circles indicate that the corresponding branches were also recovered in the maximum-parsimony tree. Bar, 0.01 nucleotide substitutions per position.
Strain 11G32
T was deposited in the Korea Agricultural Culture Collection (KACC) of South Korea and the NITE Biological Resource Centre (NBRC) of Japan. . The 16S rRNA gene sequence similarities with type strains of other species outside of the genus Reyranella were below 89 %. The phylogenetic tree generated with the neighbour-joining method showed that strain 11G32 T was grouped with members of the genus Reyranella (Fig. 1) .
Cells of strain 11G32
T were Gram-stain-negative, aerobic, non-motile rods, and 1.1-1.2Â1.5-1.8 µm in size. Colonies were convex, opaque, and grey-white on R2A agar. The strain grew on nutrient agar and R2A agar, but not on Luria-Bertani, trypticase soy agar or MacConkey agar. Temperature range for growth was 15-28 C, with optimum growth at 20 C. Other members of the genus Reyranella grow optimally at temperatures above 28 C. The pH range for growth was pH 5.0-7.0, with optimum growth at pH 5.0-6.0. Growth of strain 11G32
T was not detected at pH T . All data were obtained from this study. All strains are positive in tests for aesculin hydrolysis, gelatin hydrolysis, acetoin production, urease, gelatinase, alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase and naphthol-AS-BIphosphohydrolase. All strains are negative in tests for starch hydrolysis, chitin hydrolysis, H 2 S production, indole production, lipase (C14), a-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, tryptophan deaminase, and fermentation/oxidation of D-glucose, D-mannitol, inositol, D-sorbitol, Lrhamnose, sucrose, melibiose and amygdalin. All strains are negtive for assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, maltose, potassium gluconate, capric acid, malic acid, trisodium citrate and phenylacetic acid. +, Positive; (+), weakly positive; À, negative. 7.5-9.0, which is the growth pH range of other members of the genus Reyranella. The strain grew only with 0 % NaCl (w/v), and growth with 0.5 and 1 % NaCl (w/v) was not detected. The strain was positive for catalase and oxidase. Casein was hydrolysed, but chitin, cellulose and starch were not. Morphological, physiological and biochemical characteristics that differentiate strain 11G32 T from related species of the genus Reyranella are listed in Table 1 .
Cellular fatty acid profiles of strain 11G32
T and the members of the genus Reyranella are shown in Table 2 . Strain 11G32 T contained C 19 : 0 cyclo !8c, C 16 : 0 , summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) and 11-methyl C 18 : 1 !7c as the major cellular fatty acids. The predominant isoprenoid quinone of strain 11G32
T was ubiquinone-10 (Q-10), which is typical of members of the genus Reyranella. The polar lipids of strain 11G32 T were determined to be one phosphatidylmonomethylethanolamine, one phosphatidylethanolamine, one phosphatidylglycerol, one diphosphatidylglycerol, three unidentified aminolipids (AL1-3), two unidentified phospholipids (PL1-2) and two unidentified lipids (L1-2) (Fig. 2) . The polar lipids of strain 11G32
T were similar to those of the type strains of all other species of the genus Reyranella, showing phosphatidylmonomethylethanolamine, phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. AL1 of strain 11G32
T was found in R. massiliensis and R. soli as a predominant polar lipid. AL2 of strain 11G32
T was detected in R. massiliensis. L1 and PL1 of strain 11G32
T were found R.
graminifolii. However, AL3, L2 and PL2 of strain 11G32 T were not found in other species of the genus Reyranella.
In conclusion, phylogenetic analysis based on 16S rRNA gene sequences, major fatty acid composition, predominant ubiquinone and polar lipids support that strain 11G32
T is a member of the genus Reyranella. However, strain 11G32 T could be differentiated from the type strains of species of the genus Reyranella on the basis of its optimal growth temperature, pH range for growth, NaCl range for growth, ability to hydrolyse casein, and enzyme activities of catalase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin and b-galactosidase. Therefore, on the basis of the data from the polyphasic study presented here, we suggest that strain 11G32
T represents a novel species in the genus Reyranella, for which we propose the name Reyranella terrae sp. nov. Reyranella terrae (ter¢rae. L. gen. fem. n. terrae of earth, referring to the organism being isolated from soil).
EMENDED DESCRIPTION OF THE GENUS
Cells are Gram-stain-negative, aerobic, non-motile rods, and 1.1-1.2Â1.5-1.8 µm in size after cultivation for 7 days at 28 C on R2A agar. Colonies are convex, opaque and grey-white on R2A agar. Growth occurs on nutrient agar and R2A agar, but not on Luria-Bertani agar, trypticase soy agar or MacConkey agar. Growth occurs aerobically at [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] C (optimum, 20 C) and at pH 5.0-7.0 (optimum, pH 5.0-6.0). Cells grow in R2A broth in the absence of NaCl and do not grow with 0.5 or 1 % NaCl (w/v). Catalase-positive and oxidase-positive. Casein is hydrolysed, but chitin, cellulose and starch are not hydrolysed. Nitrate is not reduced to nitrite. Acetoin is produced, but indole and H 2 S are not produced. Aesculin and gelatin are hydrolysed. Produces alkaline phosphatase, esterase (C4), esterase lipase (C8), a-chymotrypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase (weakly), b-galactosidase, b-glucosidase, gelatinase and urease. Does not produce lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-galactosidase, b-glucuronidase, a-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase or tryptophan deaminase. N-Acetyl-D-glucosamine is assimilated weakly. The following substrates are not assimilated: D-glucose, L-arabinose, D-mannose, D-mannitol, T . PME, phosphatidylmonomethylethanolamine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; AL1-3, unidentified aminolipids; PL1-2, unidentified phospholipids; L1-2, unidentified lipids. maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Negative for fermentation/oxidation of D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, sucrose, melibiose, amygdalin and L-arabinose. The major cellular fatty acids are C 19 : 0 cyclo !8c, C 16 : 0 , summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) and 11-methyl C 18 : 1 !7c. The major isoprenoid quinone is Q-10. The polar lipids include phosphatidylmonomethylethanolamine, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, unidentified aminolipids, unidentified phospholipids and unidentified lipids.
The type strain, 11G32
T (=KACC 18486 T =NBRC 111476 T ), was isolated from an agricultural soil cultivated with Chinese cabbage in Korea.
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